Abstract The Baja California Peninsula in México has about 670 species of macroalgae along its coast. Species richness increases the probability of finding native macroalgae with potential as sources of bioactive compounds suitable for health, pharmacological, and cosmetic ingredients. To understand the biotechnological value of macroalgae from the peninsula, ethanol extracts from 17 macroalgae (four Chlorophyta, six Rhodophyta, seven Ochrophyta) were screened for antioxidant potential. To determine the antioxidant capacity of macroalgal extracts, 2,2-diphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant power, and nitric oxide radical scavenging as well as total phenolic content (TPC) were measured. Extracts of the brown macroalgae were most active. Among these, Eisenia arborea, Padina concrecens, and Cystoseira osmundacea had the highest TPC and exhibited the strongest radical scavenging activities. Correlations were found between TPC macroalgal and scavenging capacity, indicating an important role of polyphenols as antioxidants. This suggests that some brown macroalgae from Baja California Peninsula may be a good source of natural bioactive compounds.
Introduction
Marine organisms are rich sources of structurally diverse bioactive compounds with valuable nutraceutical, pharmaceutical, and cosmeceutical potential (Hafting et al. 2015) . In recent years, many novel bioactive compounds have been isolated from macroalgae, especially natural antioxidants capable of inhibiting reactive oxygen radical mediated oxidative stress (Kalaiselvan et al. 2016; Custó-dio et al. 2016) . Red (Rhodophyta), green (Chlorophyta), and brown (Phaeophyta) macroalgae offer a wide variety of natural compounds with interesting properties as natural antioxidants (Andrade et al. 2013; Osuna-Ruiz et al. 2016) . Macroalgae have antioxidant systems to counteract environmental stresses, and produce bioactive compounds, including polyphenols, alkaloids, terpenes, phycocyanins, carotenoids, and various enzymes (Maharana et al. 2015) . The polyphenols from macroalgae are more potent that their analogues from terrestrial plants (Nagayama et al. 2002) , and possess strong antioxidant activity based on up to eight interconnected phenol rings (Fernando et al. 2016 ). In the last years, the searching has been focused on natural antioxidants capable of inhibiting reactive oxygen radical mediated oxidative stress (Machu et al. 2015; VizettoDuarte et al. 2016) .
Few published studies have explored the biological activity of macroalgae from Baja California, México, which include anticoagulant, antimicrobial, antifouling, and cytotoxicity properties (Muñoz-Ochoa et al. 2009 Á guila-Ramírez et al. 2012) . Marine algae are one of the important renewable resources of the Baja California Peninsula. Of the brown macroalgae, Macrocystis pyrifera is harvested, processed, and used for aquaculture purposes. Total natural production of M. pyrifera is about 100,000 t per year (Hernández-Carmona et al. 1991) & Á ngel I. Campa-Cordova angcamp04@cibnor.mx & Carlos Angulo eangulo@cibnor.mx and only 1% of this is used by humans. However, there are other abundant species (e.g. Eisenia arborea, Sargassum horridum, Gelidium robustum, Codium spp., and Acanthopora spicifera) that have economic and biotechnological potential. Although the antioxidant activity of numerous genera of algae has been reported from North Borneo (Matanjun et al. 2008 ) and the Hawaian Islands (Kelman et al. 2012) , among other regions (Raja et al. 2015) , this is the first time that marine macroalgae from Baja California Peninsula were assayed for antioxidant activity. This study was conducted to quantify the antioxidant activity of extracts from 17 macroalgal species along the coast of the Baja California Peninsula.
Material and methods
Macroalgae samples included four Chlorophyta, six Rhodophyta, and seven Ochrophyta (phaeophyta) ( Table 1) . Samples were collected in along the west coast of the Baja California Peninsula, Mexico (25°50 0 46 00 N, 111°58 0 22 00 O) from August 2004 through July 2013 as described in Table 1 . Samples were rinsed with tap water to remove salts, sand and epiphytes, and sun-dried (Muñoz-Ochoa et al. 2010 ). The dried material was milled using a blender and stored at -80°C. Samples were identified to genus and species level by three phycologists using taxonomic keys for future reference.
Preparation of crude macroalgal extracts
The milled material was soaked in ethanol for eight at days 25°C under gentle agitation (Muñoz-Ochoa et al. 2010) . Then, ethanol was filtered and replaced (3 9 600 mL). Extracts were filtered through Whatman no.4 filter paper, and solvent removed using a rotatory vaccum evaporator to yield dry material. For antioxidant activity assays, a sample of each extract was prepared to provide a final test concentration of 10 mg mL -1 in ethanol. All extract samples were stored at 4°C in a refrigerator until used.
In vitro antioxidant activity 1,1-diphenyl-2-picryl-hydrazil (DPPH) radical scavenging activity
Free radical scavenging capacity of the extracts was analyzed using a modified microplate method of the DPPH assay method (Brand-Williams et al. 1995) . Different concentrations of extracts (25-400 lg mL -1 ) were mixed with a methanol solution containing DPPH radical (0.1 mM) freshly prepared. The mixtures were placed in the dark for 30 min at 25°C; and absorbance was measured at 515 nm. The scavenging activity was calculated as: Radical scavenging activity (%) = (A 0 -A/A 0 ) 9 100, where A 0 is the absorbance of the control and A is the absorbance of the sample.
A curve of extract concentration versus % DPPH was generated to estimate the concentration of extract needed to cause a 50% reduction of the initial DPPH concentration. This value is known as EC 50 (efficient concentration or oxidation index) and is expressed in lg mL -1 .
Nitric oxide scavenging activity assay
Nitric oxide was generated from sodium nitroprusside (SNP) dehydrate and measured by the Griess reagent (Andrade et al. 2013) . 10 mM SNP in phosphate buffer was mixed with different concentrations of macroalgal ethanol extracts and incubated at 25°C for 1 h. The extract at different concentrations (25-400 lg mL -1 ) was mixed with an equal volume of Griess reagent and absorbance was read at 562 nm. The same reaction mixture without the macroalgal extract but with the equivalent amount of ethanol served as the control. The percentage nitrite radical scavenging activity of the ethanol extracts were calculated using the following formula:
Nitric oxide scavenged (%) = (A 0 -A/A 0 ) 9 100, where A 0 is the absorbance of the control and A is the absorbance of the sample of extracts.
Ferric reducing antioxidant power (FRAP) assay
Antioxidant activity of algal extracts was determined by FRAP assay with slight modifications (Benzie and Strain 1996) . Briefly, the FRAP reagent was made by mixing 300 mM acetate buffer (pH 3.6), 10 mM 2,4,6-tripyridyl-Striazine (TPTZ) solution, and 20 mM FeCl 3Á 6H 2 O in a 10:1:1 ratio and heated to 37°C prior to use. The TPTZ solution was prepared by mixing equal volumes of 10 mM TPTZ with 40 mM HCl.
The FRAP reagent was added to each well of a 96-well microtiter plate. A blank reading was taken at 595 nm using a microplate reader (#550, Bio-Rad Laboratories, Hercules, CA). To each well, 20 lL of sample in triplicate was added, incubated for 8 min at 25°C, and read at 595 nm. Triplicate standards of known Fe(II) concentrations were run simultaneously, using concentrations between 50 and 1000 lM FeSO 4 Á7H 2 O as standard curve.
Determination of total phenolic compounds
The Folin-Ciocalteu colorimetric assay was used to quantify total polyphenol concentration in macroalgal samples (Singleton and Rossi 1965) . The Folin-Ciocalteu reagent and the sample were mixed thoroughly. After 1 min, Na 2 CO 3 was added, and the solution was thoroughly mixed. After incubation for 1 h at 25°C, absorbance at 750 nm was recorded in the microplate reader and compared to a gallic acid calibration curve (0-1000 lg mL -1 ). The results are expressed as gallic acid equivalents (GAE) in mg 100 g -1 FW.
Statistical analysis
Values expressed are means of three replicate determinations ±SD. All statistical analyses were carried out using Prism 5.0 (GraphPad Software, La Jolla, CA). The data were tested for normality (Shapiro-Wilk test) and homogeneity of variances using the Leven test. To determine whether there were any differences among activities of samples, variance analysis (ANOVA) and Turkey post hoc test (p \ 0.05, a = 0.05) were applied to the results. Correlations among data were calculated using Pearson's correlation coefficient.
Results
Antioxidant activity DPPH scavenging activity DPPH scavenging activity was significantly different between macroalgae species [(F (16, 34) = 201.5, p = 0.0001]. DPPH radical-scavenging activity at concentration of 400 lg mL -1 of the ethanol extract from the brown macroalga tested Cystoseira osmundacea was the most active (67.9%), compared to the other macroalgae. Other high activity was Padina concrecens (62.8%), Eisenia arborea (58.8%), and Acanthophora spicifera (50.4%). The other macroalgae had activity below 50%. Concentration dependency of antioxidant activity also was investigated in the 17 extracts. Seven were able to scavenge DPPH in a dose-dependant manner. The extract of P. concrecens, E. arborea and C. osmundacea were the most potent scavengers, similar or superior to butylated hydroxytoluene (BHT) used as the standard antioxidant in this study (58.9%) (Fig. 1) .
Almost all extracts showed antioxidant activity in varying degrees. Lower EC 50 concentrations indicate higher antioxidant activity. In comparison to the EC 50 of BHT (86.7 lg mL -1 ), P. concrecens and C. osmundacea had a relatively high antioxidant activity or low EC 50 : 50 and 69 lg mL -1 , respectively (p \ 0.05; Table 2 ). For Acanthophora spicifera, Gelidium robustum, and Dictyopteris delicatula, we were only able to calculate the EC 35 (20.3, 355.2, and 72 .9 lg mL -1 , respectively) because in extract concentrations higher than 100 lg mL -1 , the scavenging capacity decreased or did not change.
Nitric oxide scavenging activity assay
Nitric oxide scavenging activity was significantly different among macroalgae species [(F (8, 32) = 4.9, p = 0.0007]. Scavenging activity in 400 lg mL -1 ethanol extracts showed that the brown macroalgae E. arborea, P. concrecens, and D. delicatula had the highest capacity (p \ 0.05), leading to reductions of 63.2, 60.6, and 59.8%, respectively, when compared with the control (Fig. 2) . Concentration dependency of antioxidant activity was also measured. Nine extracts were able to scavenge [50% of the nitric oxide in a dose-dependent manner (Fig. 2) . Highest scavenging activity, with relatively low EC 50 , occurred in E. arborea (39.7 lg mL -1 ) and Ulva dactylifera (98.7 lg mL -1 ).
Ferric reducing antioxidant power (FRAP) assay
Antioxidant ability of macroalgal extracts for reducing Fe(III) by the FRAP values reflecting the ranged from 0.423 ± 0.58 lM FeSO 4 lg -1 for Rosenvigea intricata to 11.8 ± 0.11 lM FeSO 4 lg -1 for Eisenia arborea (Fig. 3) . FRAP assays varied significantly among species [(F (16, 34) = 637.5, p = 0.0001]. The brown macroalga E. arborea showed significantly higher mean FRAP (11.9 lM FeSO 4 lg -1 ), followed by red A. spicifera (9.8 lM FeSO 4 lg -1 ), brown P. concrecens (6.8 lM FeSO 4 lg -1 ), and brown C. osmundacea (5.4 lM FeSO 4 lg -1 ). Brown macroalgae as a group had the highest FRAP value, with a combined mean of 4.6 ± 3.5 lM FeSO 4 lg -1 followed by red macroalgae with a combined mean of 3.1 ± 3.5 lM FeSO 4 lg -1 . The green macroalgae had the lowest FRAP value mean (2.6 ± 0.83 lM FeSO 4 lg -1 ). However, there 
Total phenol content (TPC)
The total phenolic content varied among species from 7.16 ± 5.95 lg GAE g -1 for Rosenvigea intricata to 539.5 ± 11.88 lg GAE g -1 for E. arborea (Fig. 4) . The phenolic content in E. arborea extract was significantly different, compared with the other species. The brown macroalgal group had the highest mean TPC (176.5 ± 174.4 lg GAE g -1 ), followed by red macroalgae (TPC = 45.6 ± 30.2 lg GAE g -1 ). The green macroalgal group had the lowest mean TPC (32.7 ± 17.82 lg GAE g -1 ). ANOVA and post hoc comparisons show that brown macroalgae were statistically higher than red and green macroalgae [(F (2, 64 
Discussion
Marine algae are a rich source of bioactive secondary metabolites, including phenols and polyphenols (Fernando et al. 2016) . Antioxidant activity, an important property of bioactive algal compounds, has been ascribed to their reactive oxygen species scavenging ability, quenching singlet oxygen, reducing power, and chelating ability (Andrade et al. 2013; Maharana et al. 2015) . The many antioxidant components in crude extracts of macroalgae make individual measurements different of each antioxidant. Therefore, several related assays are used to evaluate the antioxidant properties of macroalgae (Hafting et al. 2015) . Seventeen ethanol extracts were assayed as radical scavengers against DPPH and NO, and for reducing capacity by FRAP assay. Among the extracts, brown macroalgae had the highest antioxidant activity. Similar results have been observed by Wang et al. (2009 ), Kelman et al. (2012 and Mhadhebi et al. (2014) . Eisenia arborea, Padina concrecens, and Cystoseira osmundacea, three of the brown macroalgae, possessed significantly greater antioxidant activity than the other macroalgae, indicating that they are potentially useful in manufacturing. Additionally, these species grow extensively along the coast of Baja California Peninsula due to its relative high reproductive capacity and abundance.
Antioxidant activity was equivalent to the commercial antioxidant BHT. Similarly, extracts of some species we tested, Brongniartella byssoides and Sargassum siliquastrum were similar to commercial antioxidants BHT and butylated hydroxyanisole (BHA) (Lim et al. 2002; Zubia et al. 2009 ). The high antioxidant activity of Baja California E. arborea is similar to the results of in Portugal (Raja et al. 2015) . Cystoseira osmundacea in this study had high antioxidant activity determined by DPPH assay. DPPH scavenging of Cystoseira species extracts was reported by EC 50 = 0.49, 0.58, 1.96, 4 .94 mg mL -1 (Zubia et al. 2009; Andrade et al. 2013) .
The FRAP assay is based on the ability of antioxidant components to reduce Ferric(III) to Ferrous(II) in a redox reaction that involves a single electron transfer. Phlorotannins in brown macroalgae are strong chelators of heavy metals, responsible for the chelating ability in several macroalgae: Turbinaria conoides (Devi et al. 2011) , D ictyota dichotoma (Parthiban et al. 2013) , Eisenia bicyclis (Machu et al. 2015) , Cystoseira tamariscifolia , among others (Maharana et al. 2015; VizettoDuarte et al. 2016 ). In our study, E. arborea, P. concrecens, and C. osmundacea had the higher values, similar to those reported by Kelman et al. (2012) for Turbinaria ornata (10.27 and 7.50 lM FeSO 4 lg -1 ). In other studies, Sargassum extracts have high antioxidant activity (Yangthong et al. 2009; Lim et al. 2002) ; however, our assays gave very low results. Safari et al. (2015) attributed the disparity in antioxidant activity in studies to the season of collection, preparation of the extract, and other factors. In Mexico, Sargassum is particularly abundant along the coast of the Peninsula of Baja California, where 183,000 t per year is estimated to be harvested (Casas-Valdez et al. 2006) . Therefore, its potential biological activities merit further research.
Nitric oxide plays a major role in promoting inflammatory response and toxicity is induced when reacting with oxide radicals to form peroxynitrite, which damages structural biomolecules and disrupts biological processes in animal (Soufli et al. 2016 ). Nitric oxide is generated when sodium nitroprusside reacts with oxygen to form nitrites. We found nine extracts that scavenged nitric oxide. Our results suggest that those macroalgal extracts could help in controlling inflammation, since NO is a potent mediator of physiological processes such as deregulated strong inflammatory responses (Soufli et al. 2016) . Nitric oxide scavenging of some Cystoseira species and E. arborea show promise for treating inflammation (Mhadhebi et al. 2014; Lopes et al. 2012 ). Similar to our results, Codium tomentosum and Plocamium cartilagineum aqueous extracts and Fucus spiralis ethanol extract are potent nitric oxide scavengers (Valentão et al. 2010; Andrade et al. 2013) .
Polyphenol compounds are natural antioxidants found in plants, and phlorotannins are polyphenol compounds formed by oligomers and polymers of phloroglucinol (1, 3, 5-trihydroxy benzene). As in our study, Yangthong et al. (2009) found significant differences in total phenolic content among the three macroalgal groups (brown, red, and green). Our results showed that polyphenol content was quite large in brown macroalgae compared with red and green macroalgae, as previously reported (Matanjun et al. 2008; Wang et al. 2009 ). Other studies found that polyphenols in brown macroalgae have extraordinary and effective antioxidant activities (Zubia et al. 2009; Machu et al. 2015) , which suggest that higher total phenolic content can result in higher antioxidant capacity. The high phenolic content of Baja California E. arborea, P. concrecens, and C. osmundacea can explain their potent radical scavenging activity, since polyphenol compounds contain reducing properties, such as hydrogen or electrondonating agents, which contribute to free radical scavenger potential (Fernando et al. 2016) . Although Acanthophora spicifera had low phenolic content, its extract had significant antioxidant activity. This is likely because this species belongs to the red algae family Rhodomelaceae that is rich in bromophenols, sharing one or several benzene rings, where the hydroxyl groups are substituted by a bromine group with potent antioxidant activities (Liu et al. 2011; Chakraborty et al. 2015) . Other abundant compounds in A. spicifera are sulfated polysaccharides such as agaran, which possibly were co-extracted and might also support its antioxidant activity (Ganesan et al. 2008) . Remarkably, reports show that there is a direct relationship between antioxidant activity, total phenolic content and concentration in herbs, vegetables, and macroalgae (Machu et al. 2015; Raja et al. 2015) . We found a positive correlation between phenol content and scavenging capacity in several species, similar to extracts from Sargassum sp (Yangthong et al. 2009 ), Caulerpa sedoides (Mhadhebi et al. 2014) , and E. arborea (Raja et al. 2015) , as well as other reports (Osuna-Ruiz et al. 2016) . Therefore, the results obtained from the present study suggested that the antioxidant activity might be due to the presence of polar phenolic compounds in the macroalgal extracts. Although previous data on the inhibition of cell proliferation with macroalgal extracts is very limited, previous result have shown no toxicity effects (Erfani et al. 2015; Kalaiselvan et al. 2016 ).
Conclusions
The antioxidant activities of 17 Baja California Peninsula macroalgal species clearly indicate that they possess antioxidant activity in varying degrees. To our knowledge, this is the first report on antioxidant activity of Rodhymenia californica, Rosenvigea intricata, and Cystoseira osmundacea extracts, as well as screening of antioxidant capacity and phenolic content of macroalgal species in the Baja California Peninsula. These phenolics compounds may play a role in the activities observed in ethanolic extracts. Since Eisenia arborea was found to have a potent antioxidant capacity and Macrocystis pyrifera are the most abundant macroalgae along this coast and exhibit high polyphenol content and antioxidant activity, the chemical characterization of their phlorotannins and other bioactive compounds merits further research, such as phlorotannins with cosmetical and medical applications.
